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MATERIALS LOSS~DETECTION SENSITIVITIES USING
PROCESS~GRANE MEASUREMENTS AT AGNS BNFP

ABSTRACT

Process guality measurement data from cold runs at AGNS
BNFP are used to demonstrate near-real-time accounting and to
evaluate contactor inventory estimation techniques.
Process-grade measurements are used to close hourly materials
halances. Loss=-detection sensitivities for 1 day of between 4
and 18 kg uranium, at 50% detection probability and 2.5%
false-alarm probability, are calculated for selected accounting
areas. Pulsed-column inventory estimators are used to calculate
an inventory that is 1-35% lower than column dump measurements.
Loss-detection sensitlvity could be improved by incorporating
on-line waste stream measurements, improving lahoratory
measurements for process streams, and refining the pulsed~column

inventory estimates.

1. INTPODUCTION

In 1980 and 198) Lor Alamom participated in meven minirun
exporimenta conducted at the Al).ed=General Nuclear fervicen

(AGNS) Barnwell Nuclear Murlg Reprocegring Plant (BNFP). Our
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o). ~tives for these miniruns were to demonstrate near-real-time
accounting (NRTA) concepts and principles, to evaluate advanced
data analysis tecknigques and materials loss-detection, and to
develop estimation techniques for contactor inventories. We
reported on the development of NRTA concepts and gave examples
of NRTA resulte for the first five miniruns [1-3]. In this
paper, we give estimates of NRTA materials loss-detectior
sensitivities for different portions of the proc~ss and compare
colunn inventories calculated using a linear pulsed-column model

with column dumps.

2. MINIRUN HISTORY AND DESCRIPTION

In 1977 AGNS, under the sponsorship of DOE, hegan the
development and testing of a Computerized Nuclear Material
Control and Accounting System (CNMCAS) {4]. TInitial work on
CNMCAS involved the entire chemical separations line and focused
on computerization of measurement, measurement control, and
account ing procedures for "conventional" acecounting.
("Conventional" accountina is the measurement of inputs and
outputs for a materials halance area, coupled with perijordic
clearout and physical inventory to close the materials lmlance.)

A on~line meanurenent and computer capahilitier. improved,

AGNS began to experiment using routine measurementr of procesn
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variables to estimate the quantity of material in process.
These eXperiments were initially conducted for the entire
process, but by 1980 reduced funding recuired AGNS to find a
less costly mode of testing. Because of the widespread and
continuing interest in computerized nuclear materials control
and near-real-time accounting methods, the minirun concept was
devised.

The minirun cycle (Fig. 1) congists of four pulsed-column
contactcrs (2A, 2B, 3A, and 3B); concentrator (3P); and seven
product, feed, and blending tunks. Support systems include
agqueous waste tanks, a waste evaporator and acid fractionator, a
solvent surge and vecycle tank, an cff-gas system, and
associated process and chemical distribution systems. This
represents a good cross section of routinely used plant
equipment for development of improved materials control anAd
accounting methods. A modified Purex rolvent-extraction
flowsheet is used with unirradiated natural urenium in place of
plutonium for the tests.

The normal starting inventory for each run was 400-500 kg
of uranium. After attaining equilibrium, a "process inventory"
(pulsed columns, lines, product evaporator) of about 70-75 kg
we.s observed, with the remaining material distributed among
product tanks. Ww.pote losses from the system varied from run to

run, averaging approximately 100 kg for each run.
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3. PROCESS MEASUREMENTS

The process control instruments in the plutonium
purification cycles at AGNS are designed to measure (1) volumes
and densities in all static tanks and (2) flow rates of major
feed streams (aqueous feed to the plutonium purificatien cycles,
aqueous and organic streams to columns). All process
measurement signales are received in the conitrol room; analog
signals are digitized and transmitted to the materials
accounting computer. Process samples are takzn in the plutonium
analytical glovebox at key sampling points (column product
streams, feed points). These samples are analyzed in the
analytical chemistry lahoratory and analytical results are fed
into the laboratory Data Svstem.

The availabhle process and lahoratory measurements for the
first six miniruns are shown in Fig. 1 as solid circles,
triancles, or squares. For minirun 7 additionial measurements
were added in the 2BI' stream (agqueous product from the 2B
column) and to the combined organic waste stream from the "B"
and wash columns (2BW, 3BW, 3SW), the combined aqueous waste
streams from the "A" columns. and the overheads from the
concentrator (2AW, 3AW, 3PI’). The measurement in the 2BP stream
was ohtained using an ~-ahrorption-edge densitoneter designed
and conatructed at Ics Alamos. Meagurements in waste streamr

were performed uRring a ¥-x-ray fluorescence rpectrometer
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designed at Livermore and adapted at AGNS to the AGNS process
lines. X-ray fluorescence analyzers also were installed in the

1BP and 3BP product gtreams.

3.1. Volume and Density Measurements

Process volume and density measurements were obtained using
commercial Taylor* dip-tube manometers that had heen installed
during BNFP construction. Tests by AGNS indicated a drift in
output as a function of time. Therefore, AGNS personnel
designed an automatic calibration technique (AUTOCAL) for all
volume and density probes [5]. The AUTOCAL system uses a
Ruska®* densimeter to correct for nonlinearity and drift in
signals from process differential-pressure transmitters. Thus,
transmitters with a stated manufacturer's accuracy of E~10% are
corrected to an accuracy of 0.2% [6]. Temperatures of flowing
Streams are measured using in-line thermocouples, and all

densities are corrected for temperature.

3.2. Analytical Laboratory Uranium Analyses

Process control samples at BNFP are analyzed for uranium

using a modifisd Davies-Gray procedure. In the standard

‘Tayor Models 1302 to 1308, Taylor Instrument Co., Rochester, NY.

**Ruska model DDKR6000, Ruska Inatrument Corp., Houston, Texas:

s
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Davies-Gray method, uranium first is reduced to the tetravalent
state using Fe(II) in phosphoric acid. Then, the tetravalent
uraniun is oxidized quantitatively to the hexavalent state with
dichromate, and the end point is detected potentiometrically.
The method is capable of precision and accuracy of <0.1%. 1In
the modified method, the end point is detected colorimetric-
ally. The modified method is rapid, reaquiring <10 min. per

sample, hut accuracy is of the order of 5%.

3.3. L-Edge Densitometry

For minirun 7, an L-edge densitometer was installed in the
2BP stream by los Alamos [7]. A flow-through sample cell with a
l=-cm path lergth was installed on line to permit continuous
analysis of the flowing sample stream. The instrument was
calibrated for optimum assay results between 50-60 g/L. During
minirun 7, the instrument obtained a uranium concentration
measurement every V5.5 min with a precision 0.7%. At
concentrations nf 35 g/L, a positive calibration bias of 0.15%

is anticipated.

3.4.__¥-X~Ray Fluorescence Analysis

An x-ray analysis system based upon energy-d spersive

K-x-ray analysis was developed for uranium analysis of process
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and waste streams. During minirun 7, x-ray fluorescence
detectors were installed in the 1BP and 2BP streams and in the
organic and armueous waste or recycle streams from the plutonium
purification cycles.

The precision of the x-ray fluorescence methnd was reported
to be 2% in the 20-150 g/L ccncentration range [9]. Matrix
effects carLsed by introduction of oiher heavy metals or hy
variations in acid concentration are not included in the data
evaluation methods. The minimum detectable concentration is
0.1 g/L; hence, aqueous waste and organic recycle streams
anticipated under normal operating conditions could not be
measured. For concentrations in the range of 0.2 to 0.4 g/L, as
normally encountered in the 3BW stream, the precision is

reported to be 38%.

3.5. Uranium Concen*tration from Solution Density and A~idity

MeasuremeF‘q

The density measurement 1S used in reprocessing plants for
measuring in-proccss inventory, primarily for process control,
and can be used to determine in-process inventory for NRTA. The
method is sensitive to nitric acid concentration and
temperature. A predictive equation for uranium concentrations
in the range 0.05 to 0.6 M (12-143 g/L) was proposed by Brodda

[9]. Errors in determining uranium ccncentration are in the
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range 0.8-3.9%. Measurements of LWR dissolver solutions with a
relative standard deviation of 0.8-1.2% were reported [10]). Fc:
measurement of uranyl-nitrate product solution, a relative
standard deviation of better than 0.2% was reported.

The los Alamos development work at AGNS for predictive
ecuations [ll]) was ..imed at determining uranium concentration in
both ajueous and 30% TBP in dodecane solutions. Three separate
predictors were developed:

e high-level agueous U~CALC for 160-400 g urarium/L,

e low-level aqueous U-CALC for 10-80 mg uranium/g, and

e organic U-CALC, 10-80 mg uranium/g and 30% TBP.

4. MINIRUN NEAR-REAL-TIME MATERIALS ACCOUNTING

Measurement data from the AGNS process control
instrumentation, includino estimates of random and correlated
measurement uncertainties, were received hourly in a data file
(ARANGE). 1In addition, sample data from the analytical
laboratory were added to the ARANGE file as they became availlable
from the Laboratory Data System. Samples for chemical analysis
were taken normally once per shift (see Fig. 1 for sample
points). Table 1 lists the ARRANGE file data entries for the

seventh minirun. Measurement points used for NRTA are given
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along with their respective random and correlated errors. The
instruments were not recalibrated during the miniruns; thus, all
mezsurements made with the same instrument are correlated for all
accounting periods.

Three computer programs (RADAR, FUNNFL, and DECANAL) were
implemented at AGNS for analyzing minirun measurement data.
RADAR is a utility code that reads the measurement data from
ARANGE and performs minimal formatting and data checking before
writing the input measurement data file for the FUNNEL program.
FUNNEL is the executive program that calculates materials
balances; it was written specifically for the AGNS minirun
process. The program allows the user to select and analyze data
spanning particular time periods and to choose any of several
unit process accounting areas (UPAAs) that include different
process areas. The major UPAAs are

(1) full process UPAA - includes the entire closed loop of
the plutornium purification process (Fig. 1), as operated for the
miniruns;

{2) column UPAA - isolates the columns in a single
accounting area bounded hy the 1BP tank and the 3P concentrator;

(3) 1BP surge tank UPAA - isolates the 1BP surge tank with
the plutonium rework tank and the 2AF stream;

(4) PPP UPAA - includes the columns and the 3P concentrator

with boundaries at the 1BP surge tank and the Pu ratch tank
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(alternatively, PPP and sample UPAA--the catch tank can be
included in the UPAAR, and the sample tank can be uted for the
output transfer measurement); and

(5) tank UPAR - isolates any single tank in the process as
a sepavrate UPAA.
For a specified UPAA and :time period, the FUNNEL program
combines the raw measured values to calculate net transfers, and
in-process inventories and their statistical uncertcinties, and
transmits them to the decision analysis (DECANAL) package for

further analysis {12].

5. PULSED-COLUMN TINVENTORY ESTIMATES

UPAAs tnat included pulsed columns raquired estimates of
the inventory Ldased on measurements of the feed, product, and
waste stream concentraticons and flows. Th~ estimator [l13] has a

form give.: hy
= . + L] . L ]
H Hf(cf Ff) Hp(Cp rp) + nw(cw Fw) ’

where H is the total column invantory; the subscript. f, p, and
w, respectively, indicate the feed, product, and waste streams;

H Hp' and Hw are constante related to the inventory at

f’

aome nominal operating conditions and are determined

10
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expcrimentally and through engineering models for esch pulsed

column; C

e gp' and Cw are combinations of measured and

nominal concentrations:; and Ff, Fp, and Fw are

combinations of measured and nominal flow rates. We used this
estimator in two forms, with the concentration and flow
dependence and with concentration dependence only.

At tl.e end of miniruns 1, 5, 6, anéd 7, the pulsed columns
were valved-off, the phases separated by pulsing, the columns
drained into holding tanks, holding tank volumes measured, and
sanples raken for chemical analysis. Colur:a inventories from
these dumps and from the two forms of the esiimator are given in
Table 2. These preliminary compe isons show that the estimator
is always lower than the column dump measurements. The
estimator that has both concentration and flow rate dependence
for miniruns 1, 5, and 6 agrees with measured values from the
column dumps within the error of :he estimator. Comparisons for
individual columns range from 27% higher to 48% lower than the
column dumps. Analysio of thege results is underway to
determine the factors contributing to these differences and to

refine Lthe estimator and the column dump experiments.

6. 1.0SS-DETECTION SENSITIVITIES

Egtimates for materials losm-detection sensitivities and

material inventory and throughput for melected accounting arcas
11
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in the miniruns are given in Table 3. These estimates are for
l-day accounting periods and are based on a fixed-length test
having a 50% detection probability and a 2.5% false~-alarm
probability. Tl.ey are based on measurement error estimates at
the end of the minirun series (Table 1). Thesa detection
sensitivity estimates arc not applicable to all the miniruns
because the measurement srror estimates were refined with each
minirun.

The locs-detection sensitivity is V4 kg uranium for small
static tanks such as the interim storage tanks (Flg. 1). This
tank normally has an inventory of V60 kg uranium. The
sensitivity is dominated by the concentration measurement error
and the amount of materiul measured. A volume balance has a
detection sensitivity of V1.2 L. Because the iank is static,
the detection sensitivity is not a function of time or
correlated measuremen" errors.

Materiales balances for large dynamic tanks, such as the 1BP
tank, are based on volume balances hecause of relatively large
hiaies hetween the rework and 1BP tark concentration
measurements and the lack of an independent concentration
measuremant on the 2AF mtream. The 1BP tank solution volume is
normally in the range of 300-1500 I, with a ccacentration of
V&0 g uranium/L. The daily throughput for the 1BP tank is

V144 kg uranium/L. The volume halance has a loss~-detection

12
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gsensitivity of V100 L. A balance based on the volume and a
single concentration measur=ment in the 1BP tank for all streams
has a sensitivity of v15 kg uranium.

The loss-detection sensitivities for the column UPAA
{40-45 kg uranium inventory and 144 kg uranium throughput/day)
and the PPP and sample UPAA (95-100 kg uranium inventory and
144 kg uranium throughput/day) are V12 kg uranium and V18 kg
uranium, respectively. These sensitivities are dominuted by the
transfer measurement errore. The PPP and sample UPAA has a
larger detection sensitivity principally because of the way the
output tra.nsfers are calculated and because of the larger
in-process inventory. Output transcfers from the PPP and zsample
UPAA are a combination of volume and concentration measurements
in the sample and feed tanks (Fig. 1). This is necded to track
multiple transfers (from catch to sample to feed) duving the 1-h

materiale halance period.

7. DISCUSSION

NRTA demonstrations during the AGNS minirune show that

materia.n halancea can be drawn in near-real-time using

process~grade meaniuirements. We cannot emphanize this point

enough-=-upeful information can he extracted fi) m procoss

13
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monitoring data. Although the materials loss-detection
sensitivities achieved for l1-day periods generally are not
comparable to international goals, they illustrate the efficacy
of the NRTA concepts.

Process-grade measurements can usually provide estimates of
in-process inventories. FEffcrts to improve these estimates
should concentrate on concentration measurements and on
estimation of solvent-extraction contactor inventories.

Measurements of significant feed and product ptreams can
often be made on a batch basis. However, measurements of flow
rates and concentratiors are neaded on process streams,
including waste streams, that cross accourting area boundaries.

The reprocessing facillity is an integrated whole, and the
naterlals accounting system must address the entire facility.
Therefore, we plan to pa-ticipate in future AGNS co0ld runs to
contlnue the development and demonstration of NRTA and to
explore methods ror internaticnal verification of materials

halancea in reprocessing facilities.
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TABLE 1:

Measurement Point

Data Set No.

Time

Date

Initial Inventory
Pu Storage #1 (305)
Pu St. #1 (Taylor)
Pu St. #2 (30A)

Pu St. #2 (Taylor)
Pu Rework Tank

Pu Rewor) (Taylor;
1BP Tank

1BP Tank (Taylor)
2AF (FR205)

2AX (FR543)

1PP Tank Sample

2AS (FR-638)

2AP Sample

2A Column (ky U)
2Ap (Taylor)

2BX (FR=-639)

2BP Densimeter

2BP Sample

2BP L-edge densitometer
2BF Column (kg U)
3AF Butt (FR-633)
3AX (FR-542)

1BP Taylor & Conduu.
3AS (FR-618)

3AP Sample

3AP (Taylor)

3A Column (kg Y)
3BP Densimeter

Pu Prod. Tank (Sample)
3BX (FR-619)

3RF XRF

3BP Sample

1BP XRF

3B Column (kg U)
1SF XRF

3PS Column (kg U)
#] Solv. Feed Tank
#1 Solv. Feed Sample
3P Concentrator

3P Concent.(Taylor)

Contents of Arrance Data 3Sete:

N<€<INCENENTINYINANENOTNIWITNNNANMCENOTMGATCLNAINCOC

IAEA-SM-260/90

AGNE Minirun No. 7

o2 2

random correlated

0 0

(0.6/V)2 (0.26/v)?
6.1x10"4 2.4x10-5
(0.6/V)2 (0.26/V)2
f.8x10"5 1.1x10-3
(5.3/v)2 (4.8/v)2
7.4x20"3 1.6x10-4
(5.3/V)2 (7.1/v)2
4.1x10°3 1.0x10~2
4.0x10"4 4.0x10~4
5.6x10"5 5.6x10~5
3.6x1073 2.2x10-4
4.0x10-4 4.0x10-4
4.0x10"4 9,0x10"4
(4.0/kg U)2 (4d.0°vg U)2
6.4%20"4 1.6x10-2
4.0x10"4 4.0x 0-4
4.0x1274 2.5x10"3
3.6x°0"3 1.0x10°4
1.0x10"4 2.5%10~5
(2.0/kg U)2 (2.0/kg U)2
4.0x10"4 4.0x10-4
a.0x0"4 4.0x10-4
4.1x10"3 2.5x20"2
4.0x1074 4.0x10"4
4.0x1074 o.0x10-4
3.4x1074 8.4x10~3
(9.0/kg U)2 (9.0/kg U)?
4.0x10-4 2.5%x10-3
3.2x10"4 7.5%x10-5
A.0x10"4 4.0x10-4
5.0x10"4 2.2x10-4
1.6x10"3 1.0x10~4
9.0x10-4 2.2x10~4
(3.0/kg U)2 (3.0/kg U2 '
0.25 133
(0.17/kg U)2 (0.17/kg U)?2
4.0x10°6 2.5x10°°
4.0x10-2 4.0x10-2
6.4%x1075 3.6x10"5
6.8x10"5 1.1x10"?
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TABLE 1 (cont)

Pu Catch Tank v (0.35/v)2 (0.17/v)2
Pu Catch (Taylor) c 6.1%x10~4 2.4x1073
Pu Prod. Tank v (1.03/V)2 (0.18,V)2
Pu Prod. (Taylor) c 6.1x1074 2.4x1075
Pu Storaga #3 (304) v (0.57/V)2 (0.24/v)2
Pu Storage #3 (Taylor) c 6.1x10"4 2.4x10~5
2AW Sample c - -

2BY Sample c - -

3AW Sample Cc - -

kh mple c - -

: c 0.25 0.025
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TABLE 2: Pulsed-Column Inventory Comparison

Inventory (kg U)

Estimator
Column Flow Rate and
Minirun Dump Concentration Concentration
1 80.2 74.1 (=7.6%) -
5 48.1 45.2 (-6.0%) 40.4 (-16.0%)
6 42.0 41.6 (=1.0%) 37.0 (-11.9%)
7 58.7 40.7 (=30.7%) 38.3 (-34.8%)
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TABLE 3: Estimated Materials loss-Detection Sensitivity

Detection
Inventory Throughput Sensitivity
Accounting Area (kg U) (kg U/day) (kg U)
Small static tank 60 0 4
Large dynamic tank 90-20 144 11
Columns 40-45 144 12

PPP & sample 95-100 144 le



